Background
Introduction
Sepsis is a frequent and severe condition with a high mortality rate [1] . Rapid identification of septic patients is of major importance for their survival, since they immediately need appropriate antimicrobial therapy [2] . Therefore, a timely and reliable detection of the causative pathogen(s) is essential for the proper management of septic patients. The gold standard in sepsis diagnostics is blood culture (BC) analysis, which enables antimicrobial resistance testing [3, 4] . However, a median time to a positive report of three days is necessary to detect pathogens [5, 6] . In this period of time, patients are treated with an empiric antimicrobial therapy, using broad spectrum antibiotics, which often do not appropriately cover the causative pathogens [7] . Moreover, unnecessary medication with broad spectrum antibiotics is associated with the emergence of multidrug-resistant pathogens, a higher rate of adverse drug effects as well as higher overall costs [8, 9] . Further, the sensitivity and time-to-detection of BC depends on preanalytical factors, including administration of antimicrobial therapy before sample taking, or sufficient sample volume [10] .
The Septifast M Grade test (Roche Diagnostics International AG, Rotkreuz, Switzerland) is a CE (Conformité Européene) certified multiplex real-time PCR test able to detect bacterial and fungal DNA sequences of 25 pathogens directly from single whole blood sample with high specificity (98.8%) [11, 12] . In several studies, the use of such PCR tests tend to lead to an adaption of the antimicrobial therapy, a shorter length of stay in hospital, a decrement of drug side effects or a better outcome [13] [14] [15] [16] [17] [18] . However, a considerable variation in the diagnostic accuracy of this test can be observed, which depends-amongst others-on the clinical setting [19] . Most studies were conducted in emergency departments or on intensive care units, neglecting standard care wards [20] . Therefore, this study aims to evaluate the diagnostic accuracy of the Septifast M Grade test (SF) in SIRS patients treated on standard care wards using infection definitions of the European Centre for Disease Prevention and Control (ECDC) established for point prevalence studies [21] .
Materials and Methods

Study design and endpoints
This prospective monocentric cohort study was conducted during a 14-month period at the Vienna General Hospital, Austria, a 2,116-bed tertiary hospital. As described before [7, 22] , patients with clinically suspected sepsis on 13 surgical or 14 medical standard care wards were screened for fulfilment of at least two SIRS criteria, as defined by the ACCP/SCCM conference [23] . Clinically suspected sepsis patients were consecutively identified by screening BC requests. Iatrogenic neutropenia related to myelosuppressive therapy was not counted as a valid SIRS criterion. The study included those patients for whom BC and SF analysis were requested within a time frame of 24 hours. The study excluded patients under 18 years of age, patients with fever within 72 hours after surgical procedures, patients with HIV-positive status or patients unable to give informed consent. Prior to recruitment, written informed consent was obtained from all patients. The study was approved by the local ethics committee of the Medical University Vienna (EC-Nr: 518/2011) and conducted in accordance to the declaration of Helsinki, the Good Scientific Practice guidelines of the European Commission as well as recommendations of the STARD (Standards for Reporting of Diagnostic Accuracy) initiative [24] . After a patient's hospital discharge, the case was reviewed using the definition criteria for hospital-acquired infection of the European Centre of Disease Control (ECDC), which include clinical, microbiological, biochemical and radiological data [21] . Bacteremia was specified as detection of bacterial species not representing contaminants in blood culture. Similarly, detection of DNAemia by applying the SF test using EDTA whole blood was considered as a means of increasing the information available. Thus, cases with a negative BC result and a positive SF result for species not representing contaminants were regarded as a true positive SF result in patients with a corresponding clinical presentation (ECDC criteria), although no vital pathogen may be present in the whole blood at the time of analysis. Potential contaminating microorganisms of the skin flora, defined according to Hall and Lyman [4] , were considered as causative pathogens only when detected in at least two blood samples taken on separate occasions within the same episode. The ECDC criteria were used as a reference standard to compare the results of BC and SF analysis. According to these results, patients were allocated into six outcome groups. In non-bacteremic patients (including positive results representing contaminations per definition) the following groups were established: (1) BC negative-SF negative, (2) BC negative-SF positive, (3) BC positive-SF negative. In bacteremic patients, the groups were as follows: (4) BC negative-SF positive, (5) BC positive-SF negative, (6) BC positive-SF positive. Furthermore, the results of infection biomarkers were evaluated regarding their capacity to ascribe cases with discrepant microbiological results to true positive or true negative bacteremia. Patients that could not be allocated to outcome groups (e.g. uncertainty with respect to infection vs contamination in case of coagulase-negative Staphylococci (CoNS) detected in one single BC, without other evidence of infection) were also excluded from the analysis.
Data collection
Clinical data was gathered from the medical chart at the time of study enrollment and after a patient's hospital discharge. Blood specimens were cultured in the BacT/ALERT 3D automated BC system (bioMérieux, Marcy l'Etoile, France), utilizing sets of FA Plus (aerobic) and FN Plus (anaerobic) bottles (bioMérieux The diagnostic performances of BC and SF are given by the sensitivity, the specificity, the negative and positive likelihood ratio (LR -, LR + ) as well as the negative and positive predictive value (NPV, PPV). Their 95% confidence intervals were computed by applying a bootstrapping procedure (n = 2000). Statistical significance was defined as p-values less than 0.05 (two-sided).
The Bonferroni-Holm method was applied to correct for an increase of the type I error probability related to multiple testing.
Results
Demographic characteristics of the study population
Between July 2011 and September 2012, a total of 3,370 patients with suspected sepsis were screened. Of these, 2,750 patients fulfilled less than two SIRS criteria and 140 patients met exclusion criteria. After study inclusion, 14 patients were excluded that could not be allocated to the proposed outcome groups. In total, 220 SIRS patients were enrolled in this study. Fig 1 presents the recruitment process of the final study cohort. According to the ECDC criteria applied, 149 SIRS patients (67.7%) suffered from an infection and 71 patients (32.3%) suffered from SIRS due to a non-infectious cause. The most prevalent causes of non-infectious SIRS were hematological malignancies (disease or treatment-related, 33.8%), solid organ malignancies (19.7%), auto-immune diseases (14.1%) and bleeding or embolism (7%). The most frequent infections were pneumonia (n = 44, 29.5%), urinary tract infections (n = 22, 14.8%) and gastrointestinal system infections (n = 21, 14.1%). S1 Table presents the distribution of ECDC classes of patients with infections to make more the percentages of infections understandable. In DNAemic BC-/SF+ cases, special attention was given to the fulfillment of the corresponding ECDC criteria. In one patient with endocarditis (echocardiographic and histological confirmation), Streptococcus spp. was detected by the SF test, while six sets of BC analyses remained negative. Due to the PCR result, the antibiotic therapy was changed to Penicillin G, which led to a substantial increase of the patient's status and to a normalization of CRP. Therefore, this case was regarded as a true positive SF result. Among the study population, eight patients were suffering from endocarditis (3.6%).
In total, (true positive) pathogens detected in blood specimens were found in 56 patients (25.5%). The most common sources were gastrointestinal system infections (n = 12, 21.4%), an unknown infection site (n = 10, 17.9%), as well as catheter-related infections (n = 8, 14.3%). S2 Table displays the pathogens detected by BC and SF. Within patients with a positive BC or SF result, Gram-positive pathogens were found in 26 participants (46.4%), whereas Gram-negative pathogens were detected in 25 cases (44.6%). In further five patients (8.9%), Gram-positive pathogens were detected together with Gram-negative bacteria (n = 4) or with fungi (n = 1). The most prevalent pathogens detected were Staphylococcus aureus and Escherichia coli (both: n = 11, individual cases). Table 1 presents data regarding the distribution of pathogens in the outcome groups.
Among the 220 patients, 127 patients (57.7%) were males and 93 (42.3%) were females. Participants had a median age of 56.5 years (41.5-68.0) and a median BMI of 25.3 (21.5-29.0). The median length of hospital stay was 15.5 days (9.0-27.5 days). Within the study population, 187 patients (85.0%) were treated on a medical standard care ward and 33 patients (15.0%) were treated on surgical standard care wards. Of the 220 patients, 93 (42.3%) presented with two SIRS criteria, 108 patients (49.1%) with three and 19 patients (8.6%) with four. No significant differences were found in patients' characteristics or in the individual (numerically scaled) SIRS parameters between SIRS patients with positive BC or SF test and those having both tests negative. Among the study population, 45.5% patients (n = 100) suffered from a neoplasm and a large proportion presented with leukopenia (47 patients, 21.4%, < 4 G/L WBC count). Table 2 presents the clinical and epidemiological data of the study cohort.
Evaluation of the test performance
Amongst the study population, 31 patients (14.1%) had a concordant positive result in BC as well as in SF. In 156 patients (70.9%), concordant negative results were found in both analyses. Discordance between both tests was found in 33 patients (15.0%).
The blood samples of 18 participants provided a positive SF result, while the BC remained negative and in 15 patients the BC analysis was positive while the SF yielded a negative test result. Among the patients with detected pathogens in blood specimens (true positives), there were 42 participants (75.0%) with a positive BC and 45 patients (80.4%) with a positive SF result. 160 patients in BC and also 160 participants in SF were found to be true negatives. False negative results were found in 14 patients by BC and in further 11 patients by SF. Four patients were false positive in BC only, with CoNS and a further four patients were false positive in SF with CoNS. Within the true positive SF results with negative BC, Klebsiella pneumoniae/oxytoca (n = 5), Enterococcus faecium, S. aureus and Streptococcus pneumoniae (each: n = 2) were most commonly detected. Additionally, S3 Table presents data of SF+/BC-cases. Within the patients with true positive BC and negative SF results, E. coli (n = 3) and S. aureus (n = 2) were most frequently isolated (Table 1) .
BC analysis resulted in 75.0% sensitivity with 97.6% specificity and SF resulted in 80.9% sensitivity with 97.6% specificity (see : Table 3 ). BC yielded 0.863 ROC-AUC (CI: 0.810 to 0.905, Fig 2) and SF 0.890 ROC-AUC (CI: 0.841 to 0.928). The difference between both ROC-AUCs was not found to be statistically significant (p = 0.558).
In non-bacteremic patients with positive BC and negative SF, the mean time to positivity was 37.75 hours (±39.1 hours). In bacteremic patients with positive BC and negative SF the mean time to positivity was 15.7 hours (±12.5 hours) and in bacteremic patients having a positive result in both tests, the mean time to positivity was 15.8 hours (±11.4 hours). These differences were found to be statistically significant (ANOVA, p = 0.031). In post-hoc analysis, bacteremic patients for whom both tests were positive differed significantly from non-bacteremic patients with positive BC (p = 0.026), but not from bacteremic patients with negative SF (p = 0.999). 
Performance of sepsis biomarkers
For discriminating between SIRS patients with positive and negative BC/SF test, PCT was the best parameter (p<0.001) with a median of 0.27 ng/ml (Q1-Q3: 0.13-0.73) in non-bacteremic SIRS patients and 1.79 ng/ml (Q1-Q3: 0.41-4.78) in bacteremic SIRS patients with detected pathogens. When using a cut-off value of 0.37 ng/ml pre-defined in the literature [25] , 35 patients with a positive SF test and also 35 patients with a positive BC were found in the higher PCT group (p<0.001). Nevertheless, if in 113 patients with low PCT levels the SF analysis had not been conducted accordingly, ten patients with a true positive SF test result and eight patients with a true positive BC would have been missed. S4 Table presents data of the 13 patients with PCT levels <0.37 ng/ml.
Further, LBP and CRP levels differed significantly between bacteremic and non-bacteremic patients (p = 0.001, p = 0.027, Table 2 ). PCT was the only parameter with a significant difference in the distribution between the six outcome groups analyzed (p<0.001, see Table 4 ). In post-hoc analysis, only non-bacteremic patients with negative BC and negative SF results significantly differed from bacteremic patients for whom both tests were positive (p<0.001) or only BC positive (p = 0.027).
Discussion
The aim of the study was to evaluate the Septifast M Grade test in adult patients with suspected sepsis treated on the standard care ward in a tertiary hospital. Prior to this undertaking, various studies have been performed including patients in the emergency department or on the intensive care unit, neglecting standard care wards. Since a relevant proportion of septic patients are treated on standard care wards, with a major economic impact, and many physicians on these wards are not specialized in the management of infectious diseases, these patients warrant special attention. To increase the pre-test probability of bacteremia and to focus on a relevant patient cohort, exclusively patients fulfilling two or more SIRS criteria were included in this study. In total, 220 SIRS patients including 56 patients with detected pathogens in blood specimens (= 25.5% prevalence) were prospectively enrolled. Related to the collection site, participants were rather young (in median: 56.5 years), with a high rate of neoplasms (45.5%) and a high rate of catheters (23.6%), which elevated the rate of S. epidermidis (12.5%) detected in blood specimens. These pathogens were considered as true positives when detected in more than one independent blood draw. No significant differences in patients' characteristics were found, indicating an appropriate matching of non-bacteremic SIRS patients to SIRS patients with detected pathogens. Further, no bacteremic BC-/SF+ case was found that did not fulfill the corresponding ECDC infection criteria. BC yielded 75.0% sensitivity and 97.6% specificity for detecting bacteria in blood specimens, whereas SF presented a higher sensitivity and with a similar specificity (80.4%, 97.6% respectively). In ROC-curve analysis, both tests resulted in a comparable ROC-AUC (0.863 vs. 0.890, p = 0.558). In comparison to the literature, we found a better performance of the SF test. Two metaanalyses on the diagnostic performance of the Septifast MGrade test are published. Chang et al. published a meta-analysis determining 75% sensitivity (95% CI: 65%-83%) and 92% specificity (90%-95%) for detecting bacteremia or fungemia [19] . In a recent meta-analysis by Dark et al., SF showed 68% sensitivity (63%-73%) and 86% specificity (84%-89%) [20] . Some methodological differences between both meta-analyses exist, which might clarify these differences in the outcome results. The analysis of Dark et al. restricted the analysis to those publications using exclusively BC as the reference standard, whereas Chang et al. also accepted publications with clinically documented infections and various reference standards. The prevalence (pretest probability) is not taken into account for calculating these diagnostic measures, but it cannot be ruled out that the clinical setting might have had a major impact on their results. In the meta-analyses, the cumulative proportion of bacteremia/fungemia was 0.23 [19] and 0.17 [20] respectively, while in our case the bacteremia proportion of patients with detected pathogens was 0.26.
In patients with a corresponding clinical presentation and with clinical improvement in the course of an antibiotic therapy, a positive SF test was also considered a true positive result in cases with negative BC analysis. We are aware that this procedure has an impact on the test performance, but we do not see any malfunction of the SF test in such patients. In addition, an improved "gold standard" index test would be highly desirable to avoid such uncertainties.
Subsequently, the higher pre-test probability might result in a higher rate of true positives in SF analysis. In the literature, as well as in our study, SF presented a higher specificity than sensitivity, implying its clinical utility as a rule in-test rather than a rule-out test for bacteremia. Therefore, the SF analysis is not recommendable as a screening test. Between BC and SF analysis, a discordance rate of 15.0% (n = 33) was found. In BC analysis, pathogens were isolated in 11 patients, while SF remained negative. Amongst those patients were nine with pathogens detectable within the spectrum of the SF assay. The causative pathogen was detected by SF in 14 patients (25.0%), while BC remained negative, indicating a substantial benefit for these patients. Up to a rate of 32.2% positive SF tests with negative BC results is reported in the literature [14, 26] . One might speculate about the reasons for the heterogeneity within the rates of SF positive BC negative results. Apart of the evaluation design, disease severity (analysis was restricted to SIRS patients) might be an influencing factor for the higher true positive rate of SF. Since in BC the detection of pathogens is restricted to vital microorganisms, SF analysis offers the potential advantage of detecting the DNA of non-vital pathogens. In accordance, in the literature there is some evidence for greater diagnostic accuracy of SF compared to BC in patients with antibiotic treatment before sample collection [15, 27] . In our study, no significant difference was found in the detection rate between those with or without antimicrobial therapy before BC was taken (SF p = 0.235, BC: p = 0.125). The analysis of time-to-positivity of BC did not show a trend for BC to turn positive faster in those patients with concordantly positive SF than in those with a negative SF result. Such a trend would have indicated a higher pathogen load in blood specimens of SF positive bacteremic patients. However, there are a plethora of PCR inhibitors, including collagen, IgG, myoglobin, heparin or antiviral substances, which might have an inhibitory influence on the test SF results [28] . On the clinical level, a comprehensive evaluation of such inhibitory substances on PCR tests is yet to be conducted.
The assessment of sepsis biomarkers showed that SIRS patients with detected pathogens in blood specimens had elevated PCT, LBP and CRP levels compared to non-bacteremic SIRS patients. Within the laboratory parameters tested, PCT presented the best potency to discriminate between non-bacteremic SIRS patients and those with detected pathogens. In the literature, a high concordance between elevated PCT levels and positive BC or SF results are described [15, 16, 29] . Subsequently, PCT was proposed to be used as a screening parameter indicative for the utility of subsequently ordered for BC/SF investigations. If a pre-defined cutoff value of 0.37 ng/ml [25] had been used, 13 patients with true positive SF result and ten bacteremic patients with a positive BC result would have been missed. There is evidence that the PCT expression levels are influenced by the causing pathogen type and by the patient´s infection site. Especially Gram-positive pathogens as well as conditions like endocarditis cause a lower PCT expression [30] [31] [32] . Moreover, higher PCT levels are also found in patients with malignancies, after surgical procedures, myocardial infarction or hemodialysis [33] [34] [35] [36] [37] [38] . Although PCT is a useful marker in sepsis diagnostics and therapy monitoring [39] , our data would not support such a triaging based on the PCT result. Furthermore, an additional discriminatory value of these biomarkers was not found for patients with a discordant SF to BC result.
Several limitations must be disclosed in this monocentric cohort study. The BC and SF analysis was requested by the physician in charge according to the patient's clinical presentation. Along with the fulfilment of two or more SIRS criteria, availability of both analyses was the primary selection criterion in this study. Therefore an observational bias cannot be ruled out. Moreover, a timeframe of 24 hours between blood culture, SF or biomarker taking was accepted. Within this timeframe antibiotic treatment might have provoked a discordant result. There is no clear data concerning the clearance of pathogenic DNA in the human blood circulation. In a prospective observational study including 51 critically ill patients suffering from Acinetobacter baumannii infection, the mean bacterial load was initially 2.15 log copies per mL [40] . The bacterial clearance rate was 0.088 log copies per mL per day, which might indicate that our accepted time lag is of minor influence for the total detectable bacterial DNA load. Further, antibiotic treatment prior to sample collection could have impacted on the false negative rate of both tests. Furthermore, there is evidence showing that the expression of biomarkers is the highest on the third day after onset of sepsis [41, 42] . However, a delay in taking specimens for diagnostics and antibiotic pre-treatment are common issues in daily practice and are therefore not seen as major limitations.
A new generation of microbiological multiplex PCR tests is upcoming, using an electrospray ionization-mass spectrometry after the polymerase chain reaction followed by (PCR/ESI-MS). These tests might have an improved sensitivity and are able to detect a limited range of antibiotic resistance marker [43, 44] .
A major advantage of the SF is a shorter time-to-result, which may lead to a faster modification of the empirical antimicrobial therapy [45, 46] . Further, the prescription practice of antimicrobial therapy may change, since waiting for microbiological test results could improve the outcome for patients [47] . In our laboratory as well as in most other centers the SF assay is applied on samples arriving in the laboratory at working days before midday for a same day result. A time-to-result analysis was left undone, since an observational bias would have been created in relation to our inclusion criteria (24 hours' timeframe between BC and SF). In the literature, a mean time of 15 to 18 hours is necessary to obtain a result from SF analysis [48, 49] . Thus, a simplified application of the assay, e.g. in form of a cartridge based POCT-test, would be highly desirable. Moreover, detection of resistance genes is currently not included in SF, and therefore this test cannot replace the BC but can be recommended as a helpful add-on in patients with a high need of a fast pathogen detection.
Conclusion
The specificity of SF is in a higher range than its sensitivity. Since negative results do not exclude bacteremia, the Septifast M Grade test is not suited to replacing BC, but it is a valuable tool with which to complement BC for faster detection of pathogens.
Supporting Information S1 Table. Patients with detected pathogens and <0.37ng/ml PCT levels.
